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(54) Novel poly-esters, their preparation and pharmacolglcal use thereof 

(57) The invention provi des a polyester of a polv ol, said polyol containing at least 3 hydroxyl groups and haying a 
mole cular weight of up to 20,000 at least 1 hydroxyl group in said-n olvoLbeing in the form of an es ter, wit h a poly- o r 
c/ippty-lf^t'C -flC'ri rWillTfr' p j pflrh having a molecular wnight nf at least 5 .000. 

Th e polyester is useful fo r parenteral dep ot formulations containing a pharmacologically active agent such as 
bromocriptine, ketotifen or co-dergocrine. 
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SPECIFICATION 

Novel ester*, their preparation and use 



5 The invention relates to n ovel esters , especially polyol esters, with rxtlymeric hydM^flJ.boj^ 

residues, their preparationTrTJOiel.Q. in the pjrodSSpBjBLdapQl f o .ro»A fj >harmacological ly active agents. 

A broad class of polyol esters having polymeric hydroxycarboxylic ester residues are disclosed from the 
German Patent No. 1 .020.034 in which glycerol esters having polylactide ester residue of 30 lactic acid 
residues or pentaerythritol ester with polylactic acid residue of 16 lactic acid residues are specifically 
10 described. The patent does not specifically disclose any longer chain polymer esters of polyols having at 10 
least three hydroxy! groups. . 

These products ar e used as solvents, e.g. for pharmaceutical purpose s, as emulgators or as additives for 
c Y »th^,v mortal* anri plastics. There is no disclosure of their use for pharmaceutical depot matrix 



corjonasjtions. — ..... 
15 EstersTrom sugar alcohols, e.g. from erythritol. xylitol, ribitol and sorbitol with polye-hydroxycapromc 15 
acid are described in Journal of Polymer Science, Polymer Chemistry Edition, Vol. 20, 31 9-326, especially at 

323-326(1982). . t u u . , , . ^ 

The molecular weight of these esters depends on the extent of esterification of the hydroxy! groups of the 
polyol esters and on the length of the poly-r-hydroxycapronic acid residues: Its order of magnitude is from 
20 about 26000 to 65000. . , . , . 20 

The esters exhibit a star polymer structure, their single polyol residue as the central part being surrounded 
by acid residue chains. No use of the polyol esters is mentioned in the publication. 

The diffusion velocity of ph-armaco'logically.active agents from the ester and the degradation velocity of 
the ester as a matrix material for active agents are too small for practical use as an implant or microcapsule. 
25 Due to the hydrophobic properties of the poly : f.-hydroxycapronic acid residues the esters are not suitable as 25 
matrix materials for depot forms of pharmacologically active-agents. 

Several depot f orms of pharmacologically act ive agentsh ave been proposed in the literature. In the, 
Eur^ean application No. 92918, are disclosed polypeptides in a matrix of an ester of e.g. polyvinyl alcohol 
(M W 14000) or polyethylene glycol (M.W. 6000 or 20,000) containing polymer hydroxycarboxylic ester 
30 residues, e.g. from lactic acid (M.W. 26,000 to 1 14,000) and sometimes additionally glycolic acid (M.W. 30 

^However, matrix materials having high molecular proportions of such polyol radicals have too hydrophilic 
properties and become degraded under use conditions too quickly. 
Additionally, the strong hydrophilic properties and softness of the matrix materials hinder their 
35 production, the further processing and the use of depot forms, especially microcapsules. 35 
As esters are additionally mentioned, e.g. dextrane as a polyol, but due to the high molecular weights of 
the dextranes such ester formation is practically impossible. 

fjp pnt forms of oh ^ar^looir^l^active^^ a matrix of a polyme j^UpJyoisjJl^b^ carboxyl.c 
acids are proposedLas^art of a very broad class of products in the International application WO 78/0001 1 
4o'(PCT). However, polymers of polyol and hyBrbxy monocarboxylic acids are not exemplified. Exemplified are 40 
depot forms from a polyol ester containing polymeric dicarboxylic acid residues, e.g. of tartaric acid. 

These polyol esters have a structure different from the products described above. They have a linear chain 
and contain alternatively polyol residues and dicarboxylic acid residues. 
The formed esters have such a low solubility, and soluble precondensates must be formed in order to. . 
45 incorporate the pharmacologically, active agents. Only then can the precondensated active agent containing* - 45 
matrix materials be condensed further. / 

If saturated dicarboxylic acids, such as tartaric acid are used, it is staled that the final total condensation 
must be carried out at an elevated temperature (about 170-200°C) which is not suitable for heat-sensitive 
active agents, ( 
50 Using pentaervthritol as a polypi, strongly cross-linked products are formed, which are not suitable for 50 
incorporating pharmacologically active agents and which do not degrade in vivo sufficiently fast. 
The mass degradation rate for depot formulations made from these materials is too slow. 
v T he manufacturin o ^rocesj disclose d to produce the microcapsules or othe r depot forms is also tedious. 
V\ .The kno wn i^aTry pojym^of thVjrT generallv hav"eTo r isadvant a geous short or Iq n^ degradation period 
55 ,ujig^C0J>a4k^^ comp^r^dwjt^ release.period of the philological- 55 

i nactive age nt, causin g the active agents ei ther to disappear prematurely with the maj nxjn^erxaj^rjg be 
Hi im! af Pri mmplPtPl y from the still present polymer matr ix. Accordingly an additioaaj_do^ge^the depot 
form cannot be^minls tered subsequently, since an undesired accumula tion of the polymeric matrix 
m aterial m ay occur. 

60 The present invention sets out to overcome the above disadvantages and to provide a useful 60 
pharmaceutical depot form for clinical use. 

Furthermore U^JejjAtiojms made from the^ olyol esters acco rding to the invention m ay-hay e the 
advantag e of a drug release time which is s atisfactorily long, e.g. 1 month.^d.a.shorXd.e.gr.adatioaperjod of 
<0heSa!s4hereafter. They are suitable for the incorporation of a large variety of e.g. water soluble or 
55 hydrophobic active agents. ^ 
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Additionally, t he polyol ester s of the invention ma y be easy handled an d be ea sily worked up to 
incorporate the active agents and to produce pharmaceuti cal comp osition forms, e.g. microcapsules and 
jmplaittsrrhTsTmjc^^ 

needfe. ^ 

5 $|||peTe^ 



10 



15 



hayin^a molecular -wetghl t of u^io-20;000 at leas t 1 hydroxy! group : lrgaltf pbjy an 
^filffi havlng a"molecular-vyjBifl ht offrom 5,000 e.g. to 85,0X 

Jr^other-aispecHhe-p^ a reaction product of a polyol containing at least 3 hydro 

:ular weight of up to 20,000 or a reactive derivative thereof and lactic acid or a 
and if desired at least;rsecon^ 
rapolymer^ 



000, 

5nothewpet;t-the-presenHnvention"pfovldes a reaction proauci ot a poiyoi containing bi least o nyuroxyl 
groups and having a molecular weight of up to 20,000 or a reartivederivative thereof and lactic acid or a 
reactive derivative thereof 
t h e ne pf; the^fod uct Having 
n^CGat'ed as polyol esteTs of the invention. 

TTiepolyoT residues arc particularly of a polyol containing a chain of carbon atoms. A special polyol form is 
such having a linear structure and containing 3 to 6, particularly 6 hydroxyl groups. Suitable polyols having a 
linear structure include e.g. mannitol, pentaerythritol, sorbitol ribitol and xylitol. Another preferred polyol 
form is one having a cyclic structure and containing 4 to 30 hydroxyl groups. 

The polyols of a cyclic structure contain particularly one or more saccharide units and with at least 3 
hydroxyl groups per unit. Exam ples of such polyols are those with a fructose structure, e.g. fruct ose itself. 
Part icular polyols w ithjcyxKc. structure a re tho se having glucose structur e, e.g. glucos e itseffToTha ving 2_tg 8 
1/20 glucose- units. These~units are preferably connected in 1,4and/or 1,6-position, especially in 1,4-position. A 
polyol containing moreaj^.cosejjn^ts, connected in 1,4-position, is e.g. (3-cyclodextrine. 
The prefer red -OoJy.o^s^lucose^ 

The polyol este rs may have e.g. a polyol residue with at least 2 or 3 hydroxyl groups in the form of esters, 
which contain poly-lactide or co-poly-lactide chains. Their structures may be thus branched, i.e. star shaped. 
25 Preferably each such chain has the same hydroxycarboxylic acid residue. 

The chains may-contain lactide residues alone. Alternatively they may contain additionally e.g. one, two, 
three or more specific hydroxycarboxylic acid residues, e.g. up to 70 Mol%, e.g. 30-70%. 

Preferred extra residues are glycolic acid residues. Preferably up to 70 Mol%. e.g. 30-70%, especially 50 
Mol% glycolic acid units are present. Instead of or in addition to the glycolic acid units other different units 
30 may be present, e.g. r-hydroxycapronic acid units, preferably up to 20 Mol%. 

The lactic acid units may be present in optical pure form (D- or L-lactide form) or as their mixtures, e.g. 
their racemic form (D,L-lactide form). 

The present invention also providesa^OOTSS-fo^ 
charactert& ed:tn:to a nd havingrarteast~3±ydroxyJ:gjLOups or a 
35 reaciivie^erf^^ or a reactive derivative thereof or additionally with at 
least a second h ydrox ycarboxylic^aciglor a functionjrt^eTi^ _ _ .„ 

(acTdfrn lactone- or dimericcyclic estejlojm.jn the presenc ggfTcalalysir^ 
40jpx>! Y m e risallonJe^s[bJ_e. j 

The catalyst is preferably SgrOjEtoate. 

The reaction components are e.g. mixed together with the catalyst and reacted at an elevated temperature. 
t ^s^! v J!iiy=i s :P^ components may be reacted at the reflux temperature of the 
solvent. Without a solvent the reaction temperature can be higher, e.g. if glucose is used as a polyol, up to 
45 about 170° and if p-cyclodextrine is used, up to 180°. Preferably the reaction is effected : in the absence of 
water. ' '_' ' ' ; 

The delwr>ittation:of:th^ using conventional 

methods, preferably by gelpermeation-chromatography (GPC) using polystyrene as standard (Mw) Dupont 
50 Ultrastyragel R 500 Angstrom and 10000 Angstrom as the column and tetrahydrofuran as a solvent at room 

temp erature. _^ 

jjjjal^ are pj^^abiyj),etween 20,000 

pang^M® 0-^ ~~~~~~ _ 

The t ^e^larrwe igh7s^~f4^ h e j ny e nX io n are dep,en.deat;on:the:vveight ratio Of the 

55 componertts:in:the:reaction:and on th^eACJiLo,o:co.aditto.rTS, e.g. the f^actionitempepature (see Example 8). A 
lovTeTTe^tidTvtFmperature r^yjea_o^^orter;potym and thus tortower-mojeculacweight potyol 

e^st^fs^. 

QiflS^soIaliolVl^ Gfeangttpg 
<3£re^sb1 a t iona n d p u r if icali olvcond i t ions I ea dstd^cha n g e:of:t h e:m o! e cu I a r:we i g h t (see E^anTple 2). Sinceaf^? 
^ \CT 60 p^^esterrmay:exisi:generaliy i lne 
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c^c^^osHto n:o f ;th i s:m i xt u r e:may bin h f I u e n j ce d:by:i sot a t ibTTaTTdrp u r i f ic a t i o n^mejho^ s ^sjj gteafsiex tra.cti © n , 
^figptjon-and the is^lalic^^nd:purificatronil iquTd s a nd t h e irafnovmjTaT^ f ica t i on 

temperature. 

The moTetol irwe i g Mb f the pwilfed-pplyme, r may be:incr e a sed^y re mo ving:l o w:mo I e cujaryy e i g h t 
65 co^pcOJnds. e.g. by a'suiteblezpfecipitation^ofnhe-polymer, e.g. in r^eOiaoolr-or:^^^ 
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The-amot»nt:ofcompx>ne^^ 
s^r?alV : S5e^^^ determined by GPC, their peaks altogether have a 

height of up to 10%, preferably up to 7% of the height of the peek Mw of the polymer. 
The Invention thus also provides a product, wherein in the GPC any separate low molecular weight peaks 
5 comprise altogether up to 10% of the height of the peak Mw of the polyester. 5 
^^tepoiYPJLwtorsrof the invention are parlicju^ 
sustained release effects oft^ body- 

The balance of hydrophobic and hydrophilic factors - the polyol residue represents the hydrophilic and 
the poly lactide or co-poly lactide residue the hydrophobic factor - can be regulated by changing the 
' polyols. the extent of esterification of the hydroxy! groups, the chain length of the polymeric chains and the 10 
identity and the relative amounts of the specific hydrpxycarboxyttc acid units in the chain. 

The-polvol esters according to the invention ^therefore parl»cu4a7ly¥uitable for the preparation of 
pharma^utici^ 

suteutafie^u^ parenteral, e.g. 15 

intramuscular administration). 

The present invention therefore also provides a pttaroaceM^ 
oHfie invention, con taifTffii^harmaeoiogieany active agent. 
The depot forms are novel and form part of the invention. ... 
The de^0OTS:mayrbe:ma^ poiyofeslers according to the invention being 2 0 

easy to handle and often incorporating a high concentration of active agent. 

\n^mefi¥^6MejB\^^psu\es, the<ajniye*gent^ such as 

methylene dichloride. ^otntiorCattRe^otyol^ster, e.g. io:the:saTne:so)vent. may then^e^JL^^I^^e 
restrttingcmixl^ regulating the temperature ar^teirttaecttozform 

microcapsules. __ t „ , . , . 25 

Alternatively the«tivl*pffi^^ P ° Y 

esteTm^be-di«olv^d1n-e^ e -9- methylene dichloride, after which the 

ocgimtepbase-may^^ e -9 buffered t0 P H 7 < 

optionally containing e.g. gelatine as an emulsifier. The organic solvent may then be removed from the 
30 resultant emulsion and the resultant microcapsules be filtered off or separated by centrifug.ng, washed, e.g. 30 
in a buffer, and dried. 

In order to produce implants the active agent may be mixed with the polyol ester and dissolved in a 
volatile solvent. The solvent may be evaporated and the residue ground up. An extrusion may be formed m 
conventional manner, which is then pressed e.g. as implant tablets of 5 to 15. especially 7 mm. and of 20-80 
mg, e.g. 20-25 mg matrix material at 75°C and 80 bar during 10 to 20 min. 35 

Depending on the active agent, the microcapsules may take up an average of up to 60 % by weight of the 
active agent. The implants are preferably prepared in such a manner that they contain up to 60, e.g. 1 to 20 %. 
by weight of the active agent. 

For the active agent Bromocriptine, microcapsules may be prepared containing at most 25 %. especially up 
to 1 8 % and implants containing up to 1 8 % by weight of the active agent. 40 

The microcapsules may have a diameter from a few submicron to a few millimeters. For pharmaceutical 
microcapsules diameters of at most about 250 microns, e.g. 10 to 60 microns, are strived for. in order to 

facilitate passage through an injection needle. ^ 

-T^^e^tiiormulation-accQ^ 
•acti^a^ents. e.g. pharmacologically active^agehts such as contraceptives, sedatives, steroids, sulphona- . 45 
mides, vaccines, vitamines, anti-migraine drugs, enzymes, bronchodilators. cardiovascular drugs, analge- 
sics, antibiotics, antigens, anti-convulsive drugs, anti-inflammatory drugs, anti-parkinson drugs, prolactin 
secretion inhibitors, anti-asthmatic drugs, geriatics and anti-malarial drugs. 
The depot formulations may be used for the known indications of the particular active agent incorporated 

therein. ^° 

The exact amounts of active agent and of the depot formulation to be administered depends on a number 
of factors, e.g. the condition to be treated, the desired duration of treatment, the rate of release of active 
agent and the degradability of the polymer matrix. 

The.desired formulations may be produced in known manner. The amount of the pharmacologically active 
55 agent required and the release rate thereof may be determined on the basis of known in vitro or in vivo 55 
techniques, described e.g. in Examples 26-29. e.g. how long a particular active agent concentration in the 
blood plasma remains at an acceptable level. The degradability of the matrix may also be obtained by in vitro 
or especially in vivo techniques, for example wherein the amount of matrix materials in the muscle is 
weighed after particular time periods. - 

psgle^tesiibc^ 

carrie^or4n4^eJorm^ _ ^ 

c ^£p5a^^ 

crjnstrix^fia^^ V month. 

65 Examples of doses for the preferred compounds are: 65 
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For prolactin secretion inhibition with bromocriptine, for example an i.m. depot formulation may ba 
produced which daily provides 2.5 to 7.5 mg bromocryptlne over about 30 days and contains for example 70 
to 230 mg bromocriptine mesylate. 

For the treatment of bronchial asthma with ketotifen, for example an i.m. depot formulation may be 
produced which daily provides 0.5 to 0.8 mg ketotifen over about 30 days and contains for example 1 5 to 25 
mg ketotifen. 

For the reactivation of cerebral metabolism with codergocrine, for example an I.m, depot formulation may 
be produced which daily provides 0. 1 to 0.4 mg co dergocrine in about 30 days and contains about 3 to 1 2 
mg. 

Depot formulations for other active agents may be formulated in analogous manner, e.g. to provide the 
known appropriate, e.g. therapeutic, concentration of active agent for parenteral use over an extended 
period of time, e.g. 30 days. 

As indicated above the polymer degradation may be followed In in vivo and in vitro experiments, 
described in Examples 24 and 25. It rg8j&bB:sse^^ thejnyen ti i on-deg radeJ asterjha n 
15^orxespoiKJmg-known-polylactLdeandp 
^SseelrirH^ 
rvteMb^ 

.jojaoia^ ln th0 case of 

residual polyol esters of the invention, the degradation may be over 50% up to 30 days, and in the case of the 
20 Example 6 as described hereinafter about 70%. After 40 to 50 days it may be practically complete. 

In in vitro and in vivo release rate tests the polyol esters of the invention may release the active agent at the 
same rate order as for corresponding known polymeric poly- or co-poly-lactides, e.g. in 30 days. 

The active agents may be released mainly by diffusion from the matrix and only to a small extent by 
degradation of the matrix material. 
25 This results in a more regular rate of release of active agent. 

An advantage of the polyester matrices of the invention in that after a practically complete release of active 
agent they may be quickly degraded to an acceptable size, which may be transported by the body fluids from 

the site of administration. 

Accordingly the present invention provides a^r^eral^ us e as an 

30 iropJant-or^krocapsuJes conte^ in 3 

^ot^5ir^a>^ being adapted to release all or substantially all the active material over an 

extended period of time and the polymer being adapted to degrade sufficiently to be transported from the 
site of administration within 20 days after release of all or substantially all the active agent. 
In the following examples all temperatures are in degrees Centigrade and uncorrected. 
35 HYFLO is a known filtering aid. 

Polyol ester from D(+} gfucose, DL -dilactide and dlglycolide 

Example 1 _ . . 

79.4 g (0.684 Mol) of diglycolide, 120.6 g (0.838 Mol) ofCfeGfitol^^ 
40 (0.2 %) were placed in a 1.5 1 flask and heated, while stirring to 135° in an argon atmosphere after which 1 ml 
of Sn-ocroate was added. 

The reaction is exothermic. The temperature increases to 172°. After 5 minutes stirring is discontinued and 
the brown viscous mixture is reacted further at 130-140° for 17 hours. After cooling 500 ml of methylene 
dichloride was added. The mixture was dissolved as much as possible by.boiling and the solvent was 
45 separated. This procedure was repeated after which the residue jwas extracted additionally with 500 

methylene dichloride. The combined dark-brown solutions (in total 1500 ml) were purified with 50 g Hyflo, 
concentrated to 500 ml and treated with 500 ml of a 10% aqueous HCI-solution to remove the catalyst. The 
solution was washed five times with 500 ml of water to pH 4.5 and diluted to 1 1 with methylene dichloride. 

The solution was treated with MgS0 4 and with Hyflo, concentrated to 500 ml and added dropwise within 
50 half an hour to 3 1 of methanol at - 60T. At this temperature the mixture was stirred for 3 hours. Then the 
product was filtered off and dried at 40°C in vacuo. 

The molecular weight was determined by gel permeation chromatography (GPC): 

Mw = 34 800 Mn = 19 600 Mw/Mn = 1.77 

Acid number: 6.8 .» ---- 

Non-reacted lactide: 1.7 % 
Non-reacted glycolide: <0.4 % 

Molar ratio glycolide'lactide in the polymeric chains: 45/55 
NMR\ 360 MHz; (CDCI 3 ) 
5.20 (m, 0.55 H, -CH-lactic acid) 
4.82 (m, 0.9 H, -CH 7 -glycolic acid) 
1.58 (m, 3 H, -CHj-lactic acid) 
//?: (CH 7 CI ? ) 

crrr^SOIw.CHj); 1760 (s.-COOR); 1390 and 1420 (w,CH 3 l; 1160(s,-O); 1090(s.*O->. 
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• For analytical purposes, sea following commentary. 

Comments on Example 2 . . . m 

Prepared to show by analysis that the glucose was incorporated into the polymer and that indeed a 

polyolester was formed. 13 ^ , . 

Measures were taken to Intensify the NMR-signat of the glucose. The glucose was a C -un.form marked 
glucose with 98.3 atom percent C 13 (LOT No. 2358-4 MSD ISOTOPES. Merck, Canada). 

The NMR-slgnal of the C ,3 -glucose starting material was compared with the signal of the C -glucose 
ester: 

^'NMFuT^pm 97.13 <d,C-1 P ); 93.32 <d,C-1a); 77.63 <t.C-5 P ); 76.92 (t.C3p); 75.57 (t,C-2p); 73.84 (t.C-3a); 
72.92 (t,C-2a); 72.24 (t,C-5a); 71.07 (t.C-4a); 70.63 (t.C-4p); 61.95 (dxd, C-6ap). 

C t3 -Glucose ester of Example 2 
fslMR C 13 ppm 91 .80 (m, C-ip); 89.84 (m, C-1a); 72.51 - 66.73 (m, C-2,3.4,5a.p); 62.90 (m, C-6). 

Since the glucose signals all are broad multiplets, it is assumed, that the glucose was practically 
completely incorporated. Mol ratio lactide/glycolide/glucose = 32.3/66.7/0.2. 

Comments on example 3 • t , nal rtf 

GPC-determination with simultaneous UV and radioactiv.tydetermmat.on was used for the analysts of 
these products. It is observed that the radioactivity of the test sample is proportionally d.str.buted over the 
whole range of molecular weights and that both the retention times in the UV and the rad.oact.v.ty 
determinations are equal. *nneo/„#«K« 
The radioactivity of the test sample is about 30 % of the predicted value, md.cated that about 0.06 /o of the 
glucose was incorporated (it was started with 0.2 %). 
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fX ThTpm 6 duct of Example 4 was dissolved in methylene dichloride and purified by a membrane filtration 
under a pressure of 2 atm. 

Amlcon apparatus 
Membrane: DOS 6000 MwCO 
Type FS 81 PP 
Flow velocity: 2.2 ml/min 
The end volume was 2000 ml. 
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35 



40 



Residue 

Mw = 42 200 Mw 



= 1.35 



Mn 



31 300 Mn 



45 



Acid number 3.4 



From NMR 
lactide 



glycolide 



53 
47 



{Mol ratio) 



40 



45 



non reacted 
non reacted 



lactide 
glycolide 



50 



Filtrate 

Mw » 21 600 Mw. 
Mn « 13 600 Mn 



1.58 



<0.2 % 
<0.4 % 



From NMR 
lactide 



glycolide 



53 

— (mol ratio) 
46 



50 



55 



Acid number 10.1 

60 

non reacted lactide 1.2% 
non reacted glycolide <0.4% 
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39.7 g (0.342 Mol) of diglycolide, 60.3 g (0.419 Mot) dilsctide and 0.2 & (1.1 mMol) D(+)-glucoaa (0.2 %) and 
40 ml of toluene are heated In a 750 ml flask, while stirring to boiling temperature (108*) after which 0.5 ml 
Sn-octoate are added. The reaction is slightly exothermic. The temperature was raised to 1 1 r. After 3 hours 
5 stirring was discontinued and the brown viscous mixture was reacted further three days at 110*. After 5 
cooling 500 ml of methylene dichloride were added and the mixture was diluted at boiling temperature, 
purified with Hyflo and filtered. 

The solution was evaporated to dryness, the residue dissolved In methylene dichloride and snaked with 
400 ml of a 5 % aqueous HCI solution. The solution was washed four times with 400 ml of water to pH 5 and 
10 diluted to 1 1 with methylene dichloride. 10 

The solution was dried with MgS0 4 and evaporated to dryness In vacuo at 40*C. The residue was dried in 

vacuo at 40°. 

MolecuJarweight:Mw=*32 200; Mn» 18 400; Mw/Mn =« 1.75. 
NMR and IR: As in Example 1. 
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Example 9 

In an analogous manner as described in Example 6 the following product was prepared by membrane 
filtration from the product of Example 8: 
Flow velocity: 1 ml/min 
5 The end volume was 2200 ml 



10 



Residue 

Mw « 26 200 Mw 
Mn « 18000 Mn 

Acid number 4.0 



From NMR 
lactide 



1.45 



15 



non reacted 
non reacted 



lactide 
glycotide 



20 Filtrate 

Mw = 12 200 Mw 



glycolide 



<0.2 % 
<0.4% 



From NMR 
lactide 



62 
37 



(mol ratio) 



= 3.75 



Mn 



3 300 Mn 



25 



Acid number 9,7 

non reacted lactide 
30 non reacted glycolide 



glycolide 



<0.2 % 
<0.4 % 



60 
40 



(mol ratio) 



35 



40 



Polyol ester from frcyciodextrine, DL-dilactide and diglycolide 

Example 10 t . ... ... 

26 1 g of diglycolide, 39.6 g of DL-dilactide and 0.635 g p-cyclodextrine were heated m a 500 ml flask, while 
stirring to 140 s . in a nitrogene atmosphere after which 0.125 ml of Sn-octoate was added. The react.on is 
distinctlyexothermic. The temperature was raised to 180°. After 10 minutes stirring was discontinued and 
the brown viscous mixture was reacted further at 140° for 17 hours. 

The purification and isolation were carried out in an analogous manner as described in Example 1. 

Molecular weight (GPC): Mw = 75 700; Mn = 72 300; Mw/Mn = 1 .05. 

Non reacted lactide: 2 % 

Non reacted glycolide: <0.4 % 

Mol ratio glycolide/lactide in the polymeric chains: 47/53 
NMR and IR: As in Example 1. 
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%Te^duct of Ex.mp.e 1 0 waa treated In .n analogous manner a. described In Ex.mp.e 6. The filtration 

pressure was however raised to 3 atm. 
Flow velocity 0.2 ml/mln. 



Residue 

Mw - 72 200 Mw 
10 Mn = 59 800 Mn 



1.20 



From NMR 
lactide 



glycolide 



53 
47 



(mol ratio) 



10 



Acid number 1.0 
15 Filtrate 

Mw = 27 100 Mw 
Mn » 15 500 Mn 



1.75 



20 



Acid number 21.2 



From NMR 
lactide 



glycolide 



52 

— (mol ratio) 
48 



%ZJoduc, o, Examp.e 10 was treated in an ana.ogou. manner as described in Examp.e 6. The fiMration 
25 pressure was however raised to 2 aim. 
Flow velocity 0.3 ml/min 

Residue 

on Mw - 76 700 Mw 

— = 1.06 

Mn = 72 300 Mn 



15 



20 



25 



30 



35 



Filtrate 
Mw 
Mn 



67 900 Mw 
47 600 Mn 



1.43 



40 



%Z^arn 5 oun,s of the residues of the Examp.es 13 and 14 lead, after intermediate dissolution in methy.ene 
dichloride, to a mixture of the following formation: 



45 Mw = 70 000 Mw 



35 



40 



45 



= 1.36 



Mn 



51 600 Mn 



2£ 
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Comments on Example 17 

Mppm^^m, -C//- of lactic acid. 1 H); 4.83 (m. -CH 2 - of glycolic acid, 1.73 H); 4.46 - 4.17 <m, ~CH- and 
-CH 2 - of mannitol and of the terminal lactic- or glycolic acid units. 
5 Mol ratio: lactide/glycolide/mannilol - 1 :0.B6 : 0.08. This corresponds to a Mw of 1530 (however in the 
signal 4.46-4.17 are also included the terminal lactic- or glycolic acid units). 
Used amount mannitol 672 x 10 -4 Mol%; incorporated amount 526x 10" 4 Mol%. 

Comments on Example 19 . 

10 6 (ppmTs^lm. CH- of lactic acid, 1 H); 4.9-4.65 (m. -CH 7 of glycolic acid, 1.5H); 4.45-4.10 (m, -CH 7 - of 
pentaerythritol and -CH- and -CH r of the terminal lactic acid or glycolic acid units. 1H); 1.58 (m, CH 3 of lactic 

a °Mol Sio lactide.glycolide/pentaerythritol: 1 :0.75:0.1 5 (however in the signal 4.45-4.10 are also included 
1R the terminal lactic- or glycolic acid units). 

Used amount pentaerythritol 960x 10< Mol%. incorporated amount (from NMR) = 1000x 10" Mol% (the 
signals at 4.45-4.10 ppm do not exclusively relate to pentaerythritol). 

Determination of the degradation of polyol ester in vitro 
20 Example 24 

30 to 80 jim thick films are moulded from 5% solutions of the polyol ester of Example 6 in methylene 
dichloride. The films are dried for 50 hours at 40° in vacuo, thereafter several days in an desiccator containing 
P 0 

2 300 mg of the film, divided into little pieces were added to 30 ml of distilled water and shaken at 37° (50 

25 rpm). , . 

The amount of polymer was determined periodically by filtration and weighing. 



Spray conditions (NIRO 
equipment) 

50 Temperature of the input 50°C 

Temperature of the output 40°C 

Air pressure 2 atm 

55 

Influx 32 ml/mm 



10 



15 



20 



25 



Example 25 , , A . t 

Implants in the form of tablets of 7 mm diameter and of 23 - 25 mg. pressed from a polyol ester granulate 
30 of Example 6 at 80 bar and 75° for 10 min. t were implanted i.p. in rats. After a certain period they were ..30 
extracted from the tissue with methylene dichloride, and thereby separated from organic tissue material, 
evaporated to dryness and weighed. 

Release of active agents from polyol ester matrices in vitro 

35 Example 26 . 

Release tests were carried out with microcapsules. Which contained bromocriptine as acfve agent. The 
microcapsules were prepared according to the above described spray drying method with the follow.ng 
parameters: 

40 Bromocriptine mesylate 2.6 g 

Matrixpolymer of Example a ; 
9(residue) 10.0g _ 

45 Methylene dichloride 100 ml . / . - : «\- 



35 



40 



50 



55 
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5 



10 



15 



20 



10 



15 



Attar their preparation the microcapsules were dried for 48 hours at 30* in a low vacuum, sieved « 1 80 urn) 
and washed with citrate buffer at pH 3. The microcapsules contained 17.9 % of the active agent. 

After repeated drying In low vacuum (48 hours, 35\ 0.1 bar) and sieving «180 urn) the microcapsules 
were gammasterillzed at 2.5 Mrad. 

The release was measured photometrically at 301 nm at 25°C in citrate buffer pH 4 as en extraction 
medium, poured freshly through the microcapsules with a flow velocity of 2.5 ml/min. 
Over a period of 24 hours about 62 % of the active agent was regularly released. 

N.B. The release in vitro was measured at pH 4 because of better solubility of bromocryptine at this pH, 
Example 27 

Release tests were carried out with microcapsules, which contained codergocnne as e active agents. 
The microcapsules were prepared according to the above described emulsion process with the following 
parameters: 

Codergocrlne base 7 9 

Matrix polymer of 

example 5 ^g 

20 

Methylene dlchlorlde 40 ml 

Ethanol 94% 30 ml 

25 Emulsifying conditions: 

Volume ratio organic phase/aqueous phase: 1:65 
Rotation speed of the turbine p « 3100 rpm 

30 The release was measured as described in Example 26. 30 
Example 28 

The process of Example 27 was carried out with the following parameters: 
35 Ketotifen base 5g 35 

Matrix polymer of 

examples 15 9 

40 Methylene dichloride 80 ml 40 

..^ Emulsifying conditions: 

Volume ratio organic phase/aqueous phase: 3:130 p = 2000 rpm ' 

Stirring time: 2 hours f : 45 

The microcapsules contained 16.5 % Ketotifen. 




50 



55 



60 



Example 29 Re/ease of active agents from polyol ester matrices in vivo 

Release tests were carried out with microcapsules, which contained bromocriptine as active agent. 

The microcapsules were prepared according to the above described spray drying process in the 50 
NIRO-spray drying apparatus, equipped with a centrifugal spray gun. The matrix polymer consisted of the 
product of Example 4 and contained 17.8 % bromocriptine. 

An amount of these microcapsules, corresponding to 5.0 mg bromocriptine-mesylate, in a vehicle of 0.2 ml 
of sodium carboxymethylcellulose, was injected in the right thigh muscle of a rabbit. Periodically blood was 
taken from the rabbit during 21 days. 55 

The blood levels of the medicine were measured by a specific radioimmunoassay and had a mean value of 
1.6 ng/ml (A.U.C. - 33.0). The blood levels were practically all between 1.20 and 1 .80 ng/ml. 



CLAIMS 



60 



1 . An ester of polyol, said polyol containing at least 3 hydroxy! groups and having a molecular weight of 
up 20.000 at least 1 hydroxy! group in said polyol being in the form of an ester, with a poly- or co-poly-lactic 
acid residue each having a molecular weight of at least 5,000. 

2. A reaction product of a polyol containing at least 3 hydroxy! groups end having a molecular weight of 

65 up to 20.000 or a reactive derivative thereof and lactic acid or a reactive derivative thereof and if desired at 65 
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least a second hydroxycar boxy lie acid or a functional derivative thereof, the product having a polymer chain 

of molecular weight of at least 5,000. . / 

3. A product according to claim 1 or 2, in which the polyol is the linear polyol mannitbl, pentaerythrltol, > 
sorbitol, ribltol or xylitol. 

5 4. A product according to claim 1 or 2, in which the polyol is a polyol with 6 hydroxy! groups. J ^> 5 

5. A product according to claim 1 or 2. in which the polyol is a polyol with a cyclic structure and with 4 tc 
30 hydroxyl groups. 

6. A product according to claim 5, in which the polyol is a polyol with one or more monosaccharide units 
with at least 3 hydroxyl groups per unit. 

10 7. A product according to claim 6, in which the polyol is a polyol with fructose structure. 10 

8. A product according to claim 7, in which the polyol is a polyol, which comprises one fructose unit. 

9. A product according to claim 1 or 2, in which the polyol is a polyol with glucose structure. 

10. A product according to claim 9, in which the polyol is a polyol, which comprises one gludose unit. 

1 1 . A product according to claim 9, in which the polyol is a polyol, which comprises 2 to 8 glucose units. 

15 12. A product according to claim 11, in which the polyol is a polyol, in which the glucose units are 15 
connected in 1, 4 and/or 1,6-position. 

13. A product according to claim 12, in which the polyol is a polyol, in which the glucose units are 
connected in the 1,4-position. 

14. A product according to claim 13, in which the polyol is a polyol, which comprises one p-cyclodextrine 

20 unit. 20 

15. A product according to any preceeding claim, with acid residues, comprising 30 to 70 Mol% of 
glycol ic acid units. 

16. A product according to any preceeding claim, with acid residues comprising up to 20 Mol% of 
t-hydroxycapronic acid units. 

25 17. A product according to any preceeding claim, wherein, having at least 2 ester chains, each of the 25 

chains comprise the same hydroxycarboxylic acid residues. 

18. A product according to any preceeding claim, wherein in the GPC any separate low molecular weight 
peak comprises altogether up to 10% of the height of the peak Mw of the polyester. 

19. A process for the production of the product of any preceeding claim, characterised in that a polyol of 

30 a molecular weight of up to 20,000 and having at least 3 hydroxyl groups or a reactive derivative thereof is 30 
esterified with lactic acid or a reactive derivative thereof and if desired with at least a second 
hydroxycarboxylic acid, or a functional derivative thereof. 

20. A process for the production of the product of claim 1, characterised in that a polyol of a molecular 
weight of up to 20,000 and having at least 3 hydroxyl groups, is reacted with lactic acid or additionally with at 

35 least a second hydroxycarboxylic acid in lactone- or dimeric cyclic ester form, in the presence of a catalyst, 35 
for facilitating a ring opening polymerisation. 

.-21. A process according to claim 19 or 20, characterised in that at least some of the low molecular weight 
parts are removed from the product. 
22. A process according to claim 21, characterised in that the product is subjected to membrane filtration. 
40 23. A process for the production of a product according to claim 1, substantially as hereinbefore 40 
described with reference to any one of the Examples. 

24. A product pro.duced by any one of claims 19 to 22. 

25. A product according to any<terims 1 to 18 and 24 for use as a depot matrix material. 

26. A depot matrix materiaTpf^^^duct according to any claims 1 to 18 and 24, containing a 

45 pharmacologically active compoul!s||| 45 

27. A depot matrix material qj^g|p|>duct according to claim 26, containing bromocriptine, ketotifen, or 
co-dergocrine as a pharmaceutical^ active agent. 

28. A parenteral pharmaceutical depot formulation for use as an implant or microcapsules containing a 
pharmacologically active agent embedded or encapsulated in a polymer matrix, said formulation being 

50 adapted to release all or substantially all the active material over an extended period of time and the polymer 50 
being adapted to degrade sufficiently to be transported from the site of administration within 20 days after 
release of ell or substantially all the active agents. 

29. Composition according to claim 28, containing bromocriptine, ketotifen or co-dergocrine as a 
pharmaceutical^ active agent. 
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